Objective To evaluate the obstetric and surgical outcomes of a novel transendometrial approach for myomectomy during caesarean section in subsequent pregnancies.
Introduction
Uterine myoma is the most common tumour in women of reproductive age. Although women with uterine myomas may not present any symptoms, several studies have suggested that women with myomas exhibit decreased fertility based on the size and location of the myomas. [1] [2] [3] These women can have a normal pregnancy but often encounter obstetric complications, such as bleeding in the first trimester. Preterm labour, miscarriage, placental abruption, degenerative pain, malpresentation, and increased caesarean section rate are also observed in these women. [4] [5] [6] [7] Although the removal of myomas identified during caesarean sections is a common practice in many clinics, the benefit and necessity of such procedures remains debatable. The major concerns of caesarean myomectomy are the risk of uncontrolled bleeding, which can lead to postpartum haemorrhage and consequent hysterectomy; increased incidence of adhesion or scar formation around the uterus or within the peritoneal cavity; postoperative fever; and prolonged surgical time and hospital stay. [8] [9] [10] [11] Therefore, caesarean myomectomy is considered a high-risk procedure and is discouraged by several leading practitioners.
Recently, several studies have reported caesarean myomectomy techniques that facilitate the safe removal of myomas and confer negligible effects on postoperative haemoglobin levels, the incidence of fever, the length of hospital stays, or the need for blood transfusion when compared with the 'no touch' caesarean technique. [12] [13] [14] [15] [16] These data suggest that improved caesarean myomectomy procedures might reduce the need for repeated surgeries in women with myomas by allowing physicians to perform myomectomy during caesarean section.
As with any surgical procedure, performing a myomectomy during labour may ideally also have a reproductive benefit for women's subsequent pregnancy. To achieve this goal, we designed a novel 'nondeformable' transendometrial approach for myomectomy during caesarean section, and we also investigated the subsequent birth outcomes for women who received transendometrial caesarean myomectomy at the first birth in this study.
Methods

Study population
Between January 2005 and December 2014, 393 primiparous women were selected and counselled for caesarean section with transendometrial myomectomy. The inclusion criteria were obstetric indication of caesarean section, presence of submucosal or (and) intramural myomas, myoma > 5 cm, and patient consent for inclusion in this study and the proposed treatment. All pregnant women underwent an early pregnancy ultrasound to confirm the presence, size and location of uterine myomas and the fulfilment of the anatomical inclusion criteria. All women were extensively counselled and informed in detail regarding the pros and cons of the procedure, the alternative management options, and the current and future benefits related to caesarean myomectomy.
A total of 328 women agreed to undergo the intervention, and written informed consent was obtained from these women. This longitudinal panel study was approved by the local institutional review board. Among these 328 women, 93 reported a subsequent live pregnancy. We excluded women who had nonsingleton gestations and comorbidities such as gestational diabetes, pre-eclampsia in their first and/or second pregnancy. Sixty-three women planning an elective repeat caesarean delivery who agreed to participate were enrolled in this study (Figure 1 ).
Surgical procedures
All women underwent a standard low transverse caesarean section. First, a transverse suprapubic skin incision was made, followed by dissection of the fascial and muscle layers to access the peritoneal cavity. The lower segment of the uterus was identified, and a low transverse uterine incision was made to deliver the fetus and the placenta (Figure 2A) . Prophylactic intravenous antibiotics (cefazolin, 2 g) were administered to all women after cord clamping. Immediately after parturition, all women received an infusion of 30 IU of oxytocin in 500 ml of dextrose at a rate of 60 ml/hour in conjunction with bimanual uterine compression and massage to promote uterine contractions.
The uterus was lifted out of the pelvic cavity, and both sides of the uterine opening were grasped with an Allis clamp to achieve temporary haemostasis. The location of the myoma was identified through palpation. After identifying the location of the myoma, the upper edge of the uterine opening was held using the left thumb, and a compression force was applied using the left fingers from the serosa through the myometrium to the endometrium (Figure 2B ). The endometrial cavity was folded out to push the myoma for its protrusion into the endometrial cavity. Subsequently, a scalpel or a monopolar electroscalpel at a voltage of 30 W was used to make a linear incision over the endometrial surface of the protracted section of the myoma until the opening of a pseudocapsule ( Figure 2C ). Armynavy retractors were used to extend the myomatous field by separating the edge of the myometrial wound to expose the entire fibrous pseudocapsule. On exposure of the surface, the myoma was hooked and extracted from its capsule by using the blunt method or Metzenbaum scissors (Figure 2D-F). For dead space obliteration and haemostasis, a single-layer, interrupted method with 1-0 Vicryl was used to suture the myometrium defects ( Figure 2G ). The endometrial defects could be ignored in the absence of obvious bleeding. Subsequently, the opening of the lower segment of the uterus was closed using a two-layer, continuous suture method with 1-0 Vicryl ( Figure 2H ) (see Video S1).
Statistical analyses
In this study, we investigated surgical and obstetric outcomes from the first and second caesarean deliveries. Obstetric outcomes consisted of gestational age at birth, newborn weight, Apgar score, infant birthweight adequacy, uterine rupture, placental abruption, placenta praevia, placenta accreta, spontaneous preterm birth and preterm premature rupture of membranes. Birthweight adequacy for gestational age was defined as newborn birthweight between the 10th and 90th centiles for the gestational age. Large-for-gestational-age was defined as newborn birthweight more than the 90th centile for the gestational age. Small-for-gestational-age was defined as newborn birthweight less than the 10th centile for the gestational age. Spontaneous preterm birth was defined as birth occurring before 37 weeks of gestation. Preterm premature rupture of membranes was defined as the rupture of membranes before 37 weeks of gestation.
Surgical outcomes consisted of surgical time, blood loss, blood transfusion, postoperative fever, length of hospital stay and mean adhesion score. Postoperative fever was defined as a temperature > 38°C on two consecutive postoperative days or > 39°C on any postoperative day. At both the first and second caesarean deliveries, the presence or absence of adhesion was determined at the following 14 intra-abdominal and pelvic sites: the anterior and posterior uterus, left and right ovary, left and right fallopian tube, left and right pelvic sidewall, bladder, posterior and anterior cul-de-sac, large bowel, small bowel and omentum. In this study, the adhesion score was measured by assessment of the presence or absence as well as the extent and severity of adhesion at the 14 sites by using a modified American Fertility Society scoring system. We compared baseline characteristics by calculating the appropriate measure for either parametric or nonparametric continuous variables. The differences were evaluated using a paired t-test for continuous variables and McNemar's test for categorical variables. Statistical significance was set at P < 0.01. Statistical analyses were performed using the SPSS software package for Windows (V. 12; SPSS Corporation, Chicago, IL, USA).
Results
Thirty-eight of the 63 women (60%) had two or more myomas removed during the first caesarean deliveries. The mean number of myomas removed was 1.8 AE 0.8. The mean size of myomas was 7.6 AE 2.2 cm. The mean maternal age at the first and subsequent caesarean deliveries was 27.8 AE 3.4 years and 31.5 AE 2.7 years, respectively. The mean interval between first and subsequent caesarean sections was 3.7 AE 1.1 years. The obstetric outcomes of 63 women were compared between the first caesarean delivery with transendometrial myomectomy and the subsequent caesarean delivery ( Table 1 ). The mean gestational age at birth was higher at the subsequent caesarean delivery than at the first caesarean delivery (38.5 AE 1.5 weeks versus 36.5 AE 3.6 weeks, P < 0.001). The newborn weight was higher at the subsequent caesarean delivery than at the first caesarean delivery (3188.6 AE 513.3 g versus 2796.4 AE 700.8 g, P < 0.001). Spontaneous preterm birth occurred more often in the first pregnancy than in the subsequent pregnancy (30.2% versus 7.9%, P = 0.002). Newborns were more likely to be small for their gestational age at the first caesarean delivery than at the subsequent caesarean delivery (20.6% versus 6.3%, P = 0.027). Preterm premature rupture of membranes occurred more often in the first pregnancy than in the subsequent pregnancy, although this difference was not statistically significant (11.1% versus 3.2%, P = 0.131). The Apgar score and the other obstetric composite outcomes of uterine rupture, placental abruption, placenta praevia and placenta accreta were similar at both stages of caesarean deliveries.
The mean surgical time was shorter for the subsequent caesarean delivery than for the first caesarean delivery combined with myomectomy (41.5 AE 9.2 min versus 46.7 AE 7.1 min, P < 0.001). The other surgical composite outcomes of blood loss, blood transfusion, postoperative fever and length of hospital stay and the mean adhesion score (see Table S1 ) were similar across the two stages of caesarean deliveries (Table 2) .
Discussion
Main findings
In the present study, we compared the surgical time, blood loss, frequency of blood transfusion, incidence of postoperative fever and length of hospital stay between transendometrial caesarean myomectomy and conventional caesarean section for the same woman to determine the difference in the immediate surgical outcomes. Among these parameters, the surgical time was significantly longer for caesarean myomectomy than for caesarean section only. By contrast, no significant differences were observed in the blood loss, frequency of blood transfusion, incidence of postoperative fever and length of hospital stay. No significant difference was observed between the first-and second-look scoring of adhesions for myomectomy during caesarean delivery. In this study, we specifically compared the obstetric outcomes between pregnancies with and without uterine myomas. Our result showed that prolongation of the mean gestational age at birth, an increase in the mean newborn weight, reduced rate of spontaneous preterm birth and small-for-gestational-age infants are long-term effects of previous caesarean myomectomy on subsequent birth.
Strengths and limitations
The present study is a longitudinal panel study that followed up pregnancies complicated with uterine myomas before and after the intervention of a novel transendometrial approach for myomectomy during the first caesarean delivery. The study groups shared similar baseline characteristics, thereby allowing us to objectively evaluate the obstetric and surgical outcomes of this surgical intervention. Another strength of this study is that the sample size was sufficient to analyse the primary end point adequately. The women were efficiently followed up, with no loss of medical data during the short-term follow up. However, the results of our study must be interpreted with caution, considering the possible differences in the types of myomas observed in women with myomas. In addition, this study had a relatively short follow-up period. Therefore, additional studies are warranted to determine the long-term beneficial effects of the novel procedure.
Interpretation
The management of uterine leiomyoma during caesarean section is controversial. Most leading obstetric textbooks strongly discourage myomectomy for pregnant women who undergo caesarean section, except for pedunculated myomas. The primary reason is the theoretical risk of intractable uterine haemorrhage, increased surgical time and possible postoperative morbidities including hysterectomy. However, when myomas are not excised in time, the risk of re-operation is clearly increased because of complications arising from the existing myomas. 17 In addition, there is an increased risk that the existing myomas may affect future pregnancies. Moreover, a repeat gynaecological operation may have increased physiological, emotional and financial effects on the woman. 18, 19 Considering these potential pressures, certain obstetricians considered it unjustified to leave the myomas untreated during a caesarean section when they could be safely excised.
Recently, several surgical techniques have been developed to reduce the complications associated with caesarean myomectomy, including bilateral ligation of ascending arteries, 14 application of a tourniquet, 20 selective uterine devascularisation 15 and the administration of intravenous oxytocin during caesarean myomectomy. 13 However, none of these surgical techniques has been meticulously tested, and only weak evidence is available to support their wide application. Therefore, our research team sought to improve the outcomes of conventional caesarean myomectomy by developing alternative approaches. We developed an alternative surgical procedure based on the 'nondeformable' principle, namely the transendometrial approach. The surgical objective of this approach is to access the myomas in a manner that causes few anatomic changes to the uterus and facilitates the myometrial and endometrial layers to reunite naturally. Therefore, we consider that this approach is a more physiological and less invasive technique ( Figure 2) . However, the benefits of this technique have not been systematically evaluated. This finding suggests that the transendometrial approach for myomectomy does not require additional surgical resources during a caesarean section.
In addition, postoperative adhesion formation has long been considered an unresolved long-term complication of myomectomy. 21 This complication is speculated to be a consequence of incomplete haemolysis and irregular suturing, which results in fibrin production from the incision site of the uterine serosal layer. This longitudinal panel study provides an opportunity for a second-look evaluation of postoperative adhesion formation after transendometrial caesarean myomectomy. Our novel caesarean myomectomy procedure deliberately avoids the incision of the uterine serosa. Therefore, this transendometrial approach facilitates minimal adhesion and may reduce further adverse operative outcomes or undesirable complications such as bowel obstruction, abdominal pain and impaired fertility after caesarean myomectomy.
Conclusion
Our novel transendometrial approach for myomectomy is a promising method for treating women with pregnancies complicated by myomas during caesarean sections. The simultaneous surgical intervention may improve future obstetric outcomes without causing any additional immediate and long-term adverse surgical outcomes. A wider adoption of this efficient and safe procedure can benefit both patients and the medical system, because this would reduce the need for similar surgical procedures in the future.
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